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FOREWORD 

The  US  Army  Land  Warfare  Laboratory  has  sponsored  a  number  of  research  and 
development  efforts  in  the  detection  of  targets  by  their  chemical  effluents. 
This  work  has  been  primarily  directed  toward  the  detection  of  vapors  given 
off  by  concealed  personnel,  explosives  and  illicit  drugs  but  is  certainly 
applicable  to  other  areas  such  as  chemical  warfare  agents  and  industrial 
pollutants.  The  detection  system  discussed  in  this  report  is  the  culmination 
of  a  development  cycle  starting  with  a  breadboard  feasibility  system  in  1968. 
This  system  consists  of  a  quadrupole  mass  spectrometer  interfaced  to  the 
atmosphere  with  a  Llewellyn  membrane  separator  and  controlled  by  a  micro¬ 
computer.  This  is  a  truly  portable  system  housed  in  two  suitcase-9ize 
modules.  This  system  may  be  operated  as  an  aircraft  or  van-mounted  system 
for  plume  intercept  applications  or  may  be  used  as  a  stationary  checkpoint 
detector  for  searching  vehicles  or  luggage  for  contraband  or  for  detecting 
the  presence  of  pollutants  or  chemical  agents.  Earlier  systems  under  this 
task  were  developed  by  Varian  Associates  under  Contract  Nos.  DAAD05-68-C-0335 
and  DAAD05-70-C-0197 .  Systems  developed  under  these  contracts  have  been 
operated  and  tested  in  both  rotary  and  fixed-wing  aircraft  for  airborne 
surveillance  and  in  vans  for  ground  surveillance. 

This  effort  was  sponsored  by  the  US  Army  Land  Warfare  Laboratory,  Advanced 
Development  Division,  Applied  Physics  Branch,  under  the  technical  super¬ 
vision  of  Mr.  H.  Clay  McDowell.  The  project  was  titled  "Vapor  Surveillance," 
LWL  Task  No.  03- P-68. 
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I.  INTRODUCTION 


The  U.  S.  Army  Land  Warfare  Laboratory  has  sponsored  work 

on  several  systems  for  vapor  detection  based  on  the  Llewellyn 

separator  -  mass  spectrometer  instrument  ^  and  for  application 

2 

of  these  systems  to  various  problems.  This  report  is 
concerned  with  the  most  recent  work,  sponsored  under 
contract  number  DAAD-05-72-C-0253  which  required  the 
development  and  construction  of  two  portable  vapor  detection 
systems. 

Objectives  of  the  development  include  the  incorporation  of 
performance  features  demonstrated  in  prior  systems  and 
packaging  of  all  elements  of  the  system  in  suitcases  to 
facilitate  transport  without  special  requirement  for  packing, 
mounting  and  provisioning. 

The  delivery  of  the  systems  provides  the  user  with  a  truly 
portable  vapor  detection  capability  with  an  on-line  computer 
mediated  control  and  display  provision  for  quick  investigation 
of  trace  vapor  detection  and  analysis  situations. 

1.  Contracts  numbered  DAAD-05-68- C-0335 

DAAD-0  5-70-  C-0  1  97 
DAAD-0  5-72-  C-0091 

2.  Contracts  numbered  DAAD-05-7 1  - C-0  109 

DAAD-0 5  - 7  l-C-0110 
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II.  GENERAL  DESCRIPTION 


The  portable  vapor  detection  system  is  housed  in  two  24  inch 
aluminum  cases  which  are  carried  independently  for  transport. 

In  operation,  the  cases  are  opened  and  interconnected.  Power 
for  operation  is  drawn  from  commercial  lines  at  110  volt, 

60  HZ  with  an  overall  power  consumption  of  approximately 
300  watts.  One  rotary  converter  is  furnished  to  operate  the 
systems  from  vehicular  power  of  24  -  28  volts  DC.  Views  of 
the  system  are  shown  in  Figures  1  and  2.  The  cases  housing  the 
system  are  labeled  A  and  B.  Housed  in  case  A  are  the  control 
and  display  panel,  the  main  power  system,  and  the  miniaturized 
general  purpose  digital  computer.  The  quadrupole  mass 
spectrometer,  its  vacuum  system  and  analog  drivers,  its 
digital  controller  and  detector  system,  and  the  membrane  sep¬ 
arators,  along  with  power  supplies  and  thermal  controls  are 
housed  in  case  B.  Three  different  sample  inlet  probes,  each 
for  a  different  sampling  procedure,  are  provided  for  attachment 
when  case  B  is  opened. 

In  operation,  with  the  two  cases  interconnected  and  powered, 
the  system  responds  through  switch  commands  to  operator  control. 
With  mode-and  program  selected,  the  operator  may  manipulate  a 
sampling  probe  to  explore  the  ambient  trace  vapor  levels  sought. 
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FIGURE  1 

Operator  Control  and 
Display  Unit 


2-1 


FIGURE  2 

Mass  Spectrometer  Untt.  Thermal 
Insulation  &  Covers  are  Removed 
In  This  Picture 


2-2 


Control  of  sampling  includes  judicious  use  of  the  air  sample 
pump.  Front  panel  switches  allow  retention  of  a  detection 
display  for  study  of  a  transient  detection. 

Since  the  computer  memory  includes  a  permanently 
programmed  read  only  memory  section,  program  protection  is 
complete.  Neither  manipulation  of  panel  switches  or  power 
outages  can  disable  the  stored  program.  Computer  start  up 
is  automatically  accomplished  by  the  computer  reset  switch  when 
system  power  is  turned  on,  and  shutdown  occurs  when  power  is 
turned  off,  no  shutdown  cycle  or  procedure  being  required. 

The  vacuum  management  of  the  system  resembles  that  of 
units  previously  supplied. 

High  vacuum  is  maintained  by  an  ion  pump  at  normal  pressures 
-  7  -  6 

of  10  to  10  torr.  A  meter  for  monitoring  the  high  vacuum 
is  provided  on  the  control  panel.  An  adjustable  vacuum 
interlock  is  connected  to  disable  the  quadrupole  filament  and  rod 
supplies  in  the  event  of  excessive  pressure  in  the  spectrometer. 
Power  for  the  ion  pump  is  supplied  from  the  main  power  supply 
while  the  system  is  in  operation.  Provision  is  made  for  standby 
operation,  using  a  direct  current  source  at  any  voltage  between 
12  and  28  with  current  capability  of  less  than  1  ampere  (usually 
about  0.  1  ampere).  An  alternating  current  adapter  operating 
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from  commercial  power  lines  is  furnished  for  standby  operation. 

In  addition,  any  suitable  battery  source  may  be  used  for  transit 
purposes. 

Separator  interstage  vacuum  is  maintained  by  two  canisters 
of  specially  processed  zeolite.  Since  the  separator  is  continuously 
under  ambient  pressure  at  its  inlet,  there  is  a  continual  small 
entry  of  air  gases  into  the  interstage  sinks  even  when  the  system 
is  in  a  standby  condition.  Normally  the  interstage  canisters  are 
pumped  down  on  a  daily  basis  using  a  suitable  fore  pump.  The 
normal  pumpdown  cycle  requires  approximately  one  hour  and 
can  be  accomplished  without  operator  attention  except  for  pump 
connection  and  valve  manipulation.  Valves  are  provided  on  the 
system  to  accommodate  sustained  standby  periods  wherein  daily 
pumping  must  be  interrupted  for  more  than  2-3  days.  A 
relatively  simple  system  pump  down  cycle  is  required  after 
sustained  standby  periods. 

The  software  provided  in  the  read  only  memory  of  the  computer 
accommodates  a  variety  of  operating  modes.  These  include  the 
observation  of  program  selected  mass  peaks  or  blocks  of  the 
complete  mass  spectrum.  Data  are  processed  to  generate 
filtered  results  and  to  supply  comparisons  with  stored  data  from 
prior  measurements  or  a  slowly  moving  average  value  of  mass 
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peak  intensities.  The  operator  may  choose  modes  of  operation 
most  suitable  to  the  measurements  being  made.  While  the 
read  only  memory  program  is  nominally  permanent,  the  memories 
can  be  removed  from  the  system  and  reprogrammed  very  simply. 
This  is  of  particular  interest  in  the  case  of  the  section  (one  chip) 
containing  the  mass  tables  for  programmed  mass  measurements. 
The  use  of  reprogrammable  read  only  memory  chips  for  the 
remainder  of  the  program  (which  would  not  normally  be  changed), 
provides  a  software  flexibility  to  the  system.  Expansion  capacity 
of  more  than  a  factor  of  two  in  read  only  memory  is  provided  in 
the  computer  main  frame. 
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III.  MECHANICAL  HARDWARE 


The  portable  vapor  detection  system  compresses  a  considerable 
variety  of  components  into  the  two  cases.  The  requirement  that 
normally  bulky  and  delicate  elements  be  fitted  into  portable 
cases  placed  several  constraints  on  the  design  adopted.  The 
mechanical  distribution  of  parts  of  the  system  is  schematically 

shown  in  Figure  3.  Basic  division  of-elements  of  the  system 
between  the  two  cases  is  such  that  the  spectrometer,  its  vacuum 
system,  separator  and  sample  inlet,  and  its  analog  electrical 
components  are  housed  in  case  B,  while  the  computer,  the 
control  panel,  the  display,  and  the  power  system  comprise 
the  major  elements  housed  in  case  A.  The  cases  are  required 
to  support  and  protect  the  elements  of  the  system  against 
normal  use  and  transportation  hazards.  Electronic  elements 
pose  no  particular  housing  or  support  problems,  being  light 
weight  and  reasonably  rugged.  The  spectrometer  is  mechanically 
vulnerable  in  two  respects;  namely,  vacuum  integrity,  and 
alignment  of  internal  parts. 

A.  FRAME  AND  CASE  CONSTRUCTION 

For  support  and  housing  of  the  system,  cases  fabricated  by  the 
Zero  Manufacturing  Company  were  selected.  These  cases  are 
fabricated  from  deep  drawn  .0  51  inch  high  strength  aluminum 
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CASE  B 


FIGURE  3 
6-1 


Arrangement  of  Components 
for  the  Portable  System 


alloy  and  are  very  strong  while  being  light  in  weight.  The  No.  110X 
case  with  dimensions  18  x  26  x  9  inches  weighs  less  than  19  lbs. 

The  cases  are  equipped  with  piano  hinges,  and  closure  is  sealed 
with  an  elastomeric  gasket,  which,  while  not  providing  a  complete 
hermetic  seal,  gives  reasonable  weather  protection. 

The  %elements  of  the  system  are  firmly  mounted  on  frames  made 
up  of  aluminum  alloy  channel  and  angle  sections  which  provide 
sufficient  rigidity  for  support.  The  frames  are  bolted  to  stress 
plates  rivited  to  the  (bottom)  wall  of  the  cases.  The  spectrometer 
and  its  high  vacuum  housing  and  pump  are  fabricated  from 
.  050  wall  stainless  steel  (304)  tubing.  This  assembly  itself  is 
a  structural  member  along  with  the  frame  and  comprises  most 
of  the  weight  in  case  B.  Other  elements  of  the  system  are 
mounted  to  the  frames  with  channels  and  brackets  each  of  which 
tends  to  add  further  to  the  structural  strength  of  the  assembly. 

B.  SPECTROMETER  AND  HIGH  VACUUM  SYSTEM 

The  quadrupole  analyzer  is  a  very  precise  mechanical  assembly. 

The  four  molybdenum  quadrupole  rods  ground  to  precise  cylinders 
are  supported  on  alumina  insulators.  They  must  be  positioned  to 
a  precision  of  .  0001  inch  and  their  position  and  parallelism  must 
be  accurately  maintained.  Since  external  forces  on  the  rod  structure 
and  its  insulators  can  alter  the  alignment  of  the  rods  by  elastic 
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deformation,  the  analyzer  structure  is  floated  in  cylindrical 
supports  at  each  end  of  its  vacuum  housing  with  a  radial 
clearance  of  about  .  001  inch  and  with  axial  clearance  taken  up 
by  a  compliant  disc.  The  small  radial  clearance  prevents 
external  forces  from  distorting  the  structure  but  still  constrains 
it  when  the  case  is  subjected  to  shock  loads. 

The  housing  and  support  of  the  quadrupole  analyzer  forms  one 
element  of  a  four  part  high  vacuum  structure.  This  structure 
includes,  in  addition,  the  ionizer  housing,  the  multiplier  housing, 
and  the  high  vacuum  pump.  The  design  was  specifically  directed 
to  facilitate  for  access  to  the  ionizer,  the  quadrupole  rods  and  the 
multiplier.  Each  of  these  elements  is  provided  with  its  own  elec¬ 
trical  connections  integral  to  the  section  of  the  housing  which 
forms  its  mounting.  The  housing  itself  maintains  the  necessary 
juxaposition  and  alignment  of  the  elements.  This  is  schematically 
shown  in  Figure  4.  The  arrangement  adds  greatly  to  convenience 
and  safety  for  such  maintenance  procedures  as  filament  and 
multiplier  replacement  as  may  be  necessary. 

All  demountable  vacuum  joints  are  clamped  with  stainless  steiel 
bolts  and  sealed  with  gold  wires  whose  deformation  is  captured 
in  both  radial  and  axial  clearances  (rather  than  just  between  two 
faces),  to  provide  reliable  vacuum  integrity  even  when  the  system 
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FIGURE  4 
8-1 


High  Vacuum  Housing  of 
the  Mass  Spectrometer 


is  stressed.  Other  joints  in  the  system  are  heli-arc  welded  to 
provide  strength  to  the  relatively  light  weight  structure. 

Two  £  inch  high  vacuum  valves  are  mounted  on  the  high  vacuum 
housing.  One  of  these,  adjacent  to  the  high  vacuum  pump 
provides  for  external  pumping  on  the  system  after  opening  to 
atmosphere  or  prolonged  standby.  The  other  may  be  used  to 
isolate  the  high  vacuum  section  from  the  separator.  The  former 
valve,  which  is  not  in  the  heated  section,  has  a  standard  polyimide 
seal  which  is  rated  for  temperatures  to  300°  C  (destruction),  but 
which  would  outgas  noticeably  at  lower  temperatures.  The 
latter  has  been  provided  with  gold  seals  which  may  be  exposed 
to  bakeout  temperatures  exceeding  300°C  if  necessary. 

The  Perkin  Elmer  (Ultek)  ion  pump  is  rigidly  bolted  directly  to 
the  frame.  The  rest  of  the  high  vacuum  housing  is  supported  on 
a  lightweight  stainless  steel  structure  which  is  then  bolted  to  the 
frame.  This  support  while  providing  adequate  strength  is  thin 
enough  to  reduce  thermal  losses  from  the  heated  spectrometer 
and  to  provide  some  compliance  against  any  displacement  of  the 
frame  due  to  twisting  or  shock  loads  and  differential  thermal 
expansion. 

C.  SEPARATOR 

The  system  is  furnished  with  a  dual  separator;  the  two  sections 
of  which  are  operated  at  different  temperatures.  In  normal 
vapor  sensing  operations,  the  higher  temperature  section  is 
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set  by  thermostat  to  60°  C  while  the  lower  one  is  slightly  above 
ambient.  These  temperatures  are  suitable  to  most  materials 
which  are  sufficiently  volatile  that  samples  do  not  require 
heating  to  furnish  partial  pressures  within  the  detection  range 
of  the  system;  (nominally  greater  than  10"6  torr).  For  less 
volatile  materials,  usually  introduced  from  liquid  samples  in 
the  high  temperature  inlet,  the  upper  separator  is  used  alone, 
being  heated  under  external  control  to  higher  temperatures  as 
required.  In  this  mode  of  operation,  the  sample  inlet  flow 
bypasses  the  lower  separator,  and  on  the  high  vacuum  line, 
a  magnetically  operated  valve  prevents  back  streaming  of  the 
sample  to  the  lower  separator.  The  details  of  this  arrangement 
are  shown  in  Figure  5. 

The  separator  itself  is  constructed  after  a  new  design  which  was 
undertaken  specifically  to  allow  high  temperature  operation. 

The  two  important  features  of  this  design  are  the  inclusion  of 
a  very  fine  grid  to  support  the  first  membrane  against 
atmospheric  pressure  and  the  total  exclusion  of  RTV  cement  in 
the  sample  regions.  The  very  fine  grid  is  comprised  of  a  200  mesh 
nickel  screen  .001  inchesthick  with  gold  plating  for  chemical 
inertness  which  is  mounted  on  top  of  a  50  mesh  stainless  steel 
screen  which  provides  the  principal  mechanical  support.  At 
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operating  temperatures  up  to  240° C,  at  which  point  the  softened 
silicone  membrane  would  otherwise  simply  be  extruded  to  the 
point  of  failure  in  a  very  short  time  by  the  atmospheric  pressure, 
the  very  fine  mesh  provides  adequate  support  for  continuous 
operation.  (Test  membranes  have  been  operated  for  two  months  at 
this  temperature.  ) 

The  silicone  membranes  were  formerly  mounted  in  the  separator 
with  silicone  cement.  Although  the  cement  is  nominally  identical 
to  the  membrane  material,  at  higher  temperatures,  the  spectrum 
showed  very  large  peaks  of  silicone  fragments  indicating  less 
complete  polymerization  in  the  cured  cement.  At  temperatures 
above  180°C  these  peaks  were  so  large  as  to  obscure  the  detection 
of  low  levels  of  sample.  In  view  of  this,  a  method  was  devised  to 
capture  the  membrane  and  to  form  the  vacuum  seals  in  the  separator 
using  polished  surfaces  and  polyimide  sealing  rings.  Details  of 
this  sealing  method  are  shown  in  Figure  5.  Sealing  forces  required 
are  very  low  due  to  the  very  small  area  of  contact  at  the  tapered 
upper  profile  of  the  elastomeric  polyimide  ring;  thus,  the  separator 
can  be  assembled  with  small  (#2-56)  screws  using  very  light  torque. 
The  assembled  separator  is  held  in  a  close  fitting  aluminum  ring 
which  provides  uniform  heat  distribution  and  mechanical  support 
against  lateral  displacement  of  the  seals  which  would  endanger 


A.  SEPARATOR,  SAMPLE  DISTRIBUTION  SCHEME 
IN  SECTIONAL  VIEW 


LEGEND  FOR  A.  AND  B 

S^ :  Separator  hot  section. 

S?:  Separator  cold  section. 

V:  Valve  body. 

Z:  Spool. 

I:  Inlet. 

H:  Exhaust  to  sample  pump. 

M:  Magnet. 

P:  Poppet. 

C:  Cover. 

G i  Gasket . 

E:  Membrane. 

N:  Fine  mesh. 

D:  Membrane  support  discs. 

R:  Receiver. 

F:  Interstage  pumping  port. 


B.  EXPLODED  VIEW  OF  SEPARATOR 
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FIGURE  5. 

Separator  Structure 


the  seals.  The  two  aluminum  rings  are  firmly  supported  by  a 
thin  stainless  steel  bracket  which  anchors  the  structure  to  the 
frame  and,  at  the  same  time,  serves  to  isolate  the  parts  thermally. 
Interstage  valves  and  pumping  lines  are  provided  to  accomplish 
the  necessary  interstage  pumping.  To  preclude  stress  on  the 

separator  and  valves,  short  sections  of  flexible  teflon  tubing 
are  included  in  the  interstage  pumping  lines.  The  interstage 
pumping  requirements  are  met  by  two  zeolite  canisters  which 
are  fitted  with  the  necessary  valves  and  quick  disconnect  fittings 
for  daily  pumpdown  needs  and  for  isolation  as  required.  All 
valves  used  were  either  specially  fabricated  or  modified  from 
commercial  units.  Pump-down  and  isolation  valves  have  been 
provided  with  polymide  elastomeric  stem  tips  for  sure  sealing. 

D.  ELECTRONIC  ELEMENTS 

The  remainder  of  the  mechanical  assembly  is  principally  comprised 
of  the  mounting  of  the  many  electronic  elements  of  the  system. 

Since  these  parts  are  light  in  weight,  they  do  not  pose  difficult 
mounting  problems.  Careful  attention  is  given  to  electrical 
shielding  and  isolation  where  necessary.  The  entire  analog  system 
is  electrically  isolated  and  grounded  to  the  frame  at  a  single  point 
in  order  to  minimize  ground-loop  and  noise  problems.  The  RF-DC 
supply  to  the  quadrupole  is  housed  in  a  heavy  gold  plated  brass  case 
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for  mechanical  rigidity  required  to  maintain  tuning  adjustment. 
Other  electronic  elements  are  less  critical  mechanically  and 
are  mounted  on  conventional  circuit  cards  retained  in  various 
card  cages  mounted  in  both  cases.  Card  plugs  and  elastomeric 
card  guides  support  each  card  on  three  sides.  Heavy  components 
are  secured  to  the  cards  with  RTV  cement. 

Cooling  for  electrical  components  is  accomplished  by  convection, 
conduction  and  forced  air  cooling.  Smaller  heat  loads  are 
primarily  cooled  by  convection  on  the  boards  or  various  panels. 
The  principal  heat  generated  in  the  RF-DC  supply,  occurring 
in  the  power  transistor, is  dissipated  convectively  with  an 
oversized  heat  sink  and  ample  ventilation.  Other  elements  in 
case  B  which  dissipate  power,  including  the  ion  pump  and 
electron  multiplier  power  supplies  and  the  filament  transformer 
and  rectifier,  are  cooled  by  conduction  to  the  main  frame  and  the 
internal  covers.  In  case  A,  the  greatest  heat  dissipation  occurs 
in  the  main  power  regulator.  This  heat  load  which  can  reach 
100  watts  under  high  line  voltage  conditions  is  removed  by  forced 
air  across  the  heat  sinks  and  four  high  power  dissipation  resistors. 
Air  to  the  fan  is  drawn  from  the  interior  of  the  case  and  thus  the 
cooling  arrangement  serves  also  to  cool  the  remainder  of  case  A. 
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IV  ELECTRICAL  AND  ELECTRONIC  HARDWARE 


The  vapor  detection  system  requires  complex  electrical  and 
electronic  components  and  interconnection.  This  hardware  will 
be  described  below.  Reference  will  be  made  to  section  VII 
(MAINTENANCE)  which  includes  detailed  circuit  diagrams. 

The  electrical  and  electronic  equipment  is  divided  into  several 
categories  described  below. 

A.  POWER  SYSTEM 

Primary  power  for  system  operation  is  drawn  from  commercial 
lines  at  110  volts,  60  Hz.  Total  power  consumption  is  approxi¬ 
mately  300  watts.  When  primary  power  is  turned  on,  the  entire 
operation  including  high  vacuum  pumping  is  furnished  from  the 
lines.  When  primary  power  is  disconnected,  the  ion  pump  may 
be  operated  from  a  low  power  D.  C.  source  of  12-28  volts.  A 
standby  power  supply  for  this  purpose,  operating  itself  from 
commercial  110  volts,  60  Hz  lines,  is  furnished.  In  addition, 
portable  or  vehicular  battery  supplies  may  be  used.  Switching 
between  external  and  system  primary  power  is  automatic  and 
requires  no  operator  attention.  Standby  power  may  be  intro¬ 
duced  through  an  electrical  receptacle  from  the  outside  of  the 
closed  case,  (case  B).  Portable  batteries  may  be  installed 
inside  case  B  and  connected  through  a  plug  inside  the  case  for 
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shipment  where  no  standby  power  can  be  made  available.  Two 
standard  heavy  duty  Leclanche  lantern  batteries  of  4  type  F 
cells  each,  furnishing  12  volts  when  connected  in  series  have 
been  used  to  furnish  standby  power  for  more  than  24  hours. 
Alkaline  batteries  of  equivalent  size  should  increase  the  standby 
time  by  a  considerable  margin. 

The  vapor  detection  system  requires  a  large  number  of  isolated 
regulated  direct  current  power  supplies.  For  purposes  of 
economy  and  moderate  weight,  the  most  appropriate  choice 
for  the  main  power  system  is  a  transformer  isolated  series  of 
alternating  current  sources  operated  at  frequencies  above  the 
audio  range,  each  furnished  with  its  own  rectifier,  filter  and 
regulator.  In  the  system  furnished,  commercial  power  at  60  Hz 
is  converted  to  direct  current  at  about  150  VDC.  This  DC 
supply  is  regulated  to  117  volts  and  applied  to  two  DC-AC 
converters  having  output  transformers  furnished  with  the 
multiple  secondary  windings  required  for  the  various  isolated 
supplies.  This  converter,  operating  at  40  KHz  requires  very 
little  weight  in  iron.  The  two  converters  together  weigh 
40  ounces,  while  a  60  Hz  transformer  of  the  same  power 
capability  would  weigh  at  least  25  pounds.  These  converters 
were  supplied  by  the  Arnold  Magnetics  Corporation  of  Culver 
City,  CA. 
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The  main  power  system  with  its  rectifiers,  filters  and  regu¬ 
lators  furnishes  a  total  of  14  DC  power  supplies  to  the  vapor 
detection  system.  Circuit  details  of  the  supply  section  may  be 
found  on  sheets  SN  17  and  SN  26.  The  60  Hz  AC- DC  converter 
with  its  regulator  and  current  protection  provision  is  shown  on 
SN  26.  A  simplified  schematic  of  this  section  is  shown  in  Figure  6. 
The  output  of  the  main  pass  transistor  is  maintained  at  117  volts 
through  its  drive  from  the  emitter  follower  Q2  which  is  referenced 
to  the  zener  diode.  If  excessive  current  is  sensed  (in  the  .  25  ohm 
resistor),  the  amplifier,  A,  switches  disabling  the  drive  to 

Q2  and  shutting  down  power.  Since  the  amplifier  is  biased  from 
the  output,  the  shutdown  latches  off,  and  a  reset  signal  must  be 
supplied  to  start  or  restart  the  supply. 

The  117  VDC  is  connected  to  the  two  DC-AC  converters  as  shown 
on  sheet  SN  17.  Secondary  windings  are  connected  to  conventional 
power  supply  arrangements.  A  typical  regulated  supply  is  shown 
on  sheet  SN  21.  In  this  particular  supply,  as  in  several  others, 
protection  against  unexpected  overvoltage  is  provided  through 
its  use  of  zener  diodes  which  will  act  as  shunt  limiters  until 
the  replacable  fuse  opens  the  circuit.  This  provision  protects 
the  very  large  number  of  integrated  circuits  from  destruction  by 
high  voltage  transients. 
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figure  fc. 

117  V  DC  Regulator 
&  Current  Limiter 


40  KHz  current  to  the  filament  transformer  is  controlled  by 
the  pass  transistor,  Q^,  and  is  regulated  by  an  error  signal 
developed  in  the  servo  amplifier,  A,  which  senses  the  emission 
current  flowing  through  R^.  Sheet  SN  24  also  shows  a  current 
limiting  provision  which  protects  the  filament  from  excessive 
current  when  no  emission  current  is  sensed.  The  filament 
requires  power  of  about  20  watts  at  low  voltage  and  high 
current,  and  the  method  of  regulation  on  the  primary  side 
of  the  filament  transformer  at  high  voltage  and  low  current 
permits  higher  efficiencies  in  power  utilization. 

The  ionizer  diode  is  usually  operated  at  70  volts,  and  electrons 
of  this  energy  transit  the  interior  of  the  anode  region  several 
times  before  being  captured  on  one  of  its  grid  wires.  When 
a  collision  of  an  electron  with  a  molecule  occurs  within  the 
anode  structure,  ions  are  formed,  and  positive  ions  are 
extracted  from  this  region  by  a  small  extraction  potential 
applied  to  the  focus  electrode  located  between  the  quadrupole 
analyzer  and  the  ionizer.  The  ionizer  diode  and  focus  electrode 
voltages  and  the  offset  voltage  which  determines  ion  energy 
in  the  quadrupole  are  furnished  by  adjustable  supplies  shown 
on  sheet  SN  23. 
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B.  SPEC TROMETER  ANALOG  SYSTEMS 


1.  General:  The  quadrupole  spectrometer  is  basically  an 
analog  device.  I0ns  are  formed  in  the  ionizer  section  which 
is  furnished  with  various  constant  DC  potentials.  These  ions 
pass  into  an  analyzer  section,  (the  quadrupole).  Constant  DC 
and  stable  RF  voltages  applied  to  the  quadrupole  rods  mediate 
the  transmission  of  the  ions  to  the  detector  section  so  that 
only  ions  of  a  single  mass  are  transmitted  at  any  one  time. 
These  ions  arriving  at  the  detector  from  an  analog  current 
which,  when  amplified,  first  in  an  electron  multiplier  and 
then  in  a  multirange  electrometer,  constitutes  the  mass 
peak  signal. 

2.  Ionizer:  The  ionizer  is  of  the  familiar  electron  impact 
design  as  furnished  by  the  spectrometer  vendor.  It  is 
patterned  after  the  Alpert  ionization  vacuum  gauge,  using 
a  tungsten  3%  rhenium  filament  operated  outside  an  anode 
structure  formed  by  a  cylindrical  grid.  These  two  electrodes 
form  a  diode  which  is  operated  in  temperature  limited 
emission  with  a  current  of  about  one  milliampere.  Filament 
heating  is  controlled  with  an  electrical  servo  to  maintain 
constant  diode  current.  A  simplified  schematic  of  this 
control  is  shown  in  Figure  7.  The  detailed  circuit  may  be 
found  on  sheet  SN  24.  As  shown  in  Figure  7,  the  primary 
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Filament  Current 


3.  RF-DC  Supply:  The  quadrupole  filter  requies  RF  and  DC 
voltages  to  about  4000V  pp  and  ±  700V  respectively.  Flu¬ 
ctuation  in  these  voltages  must  be  held  to  less  than  0.  1% 
at  the  higher  values  in  order  to  maintain  high  resolution  and 
transmission.  In  the  supply  of  these  voltages  used  in  the 
portable  vapor  detection  system,  the  constant  RF-DC  voltage 
ratio,  required  to  about  0.01%,  is  maintained  simply  by 
deriving  the  DC  through  a  rectifier  and  filter  directly  from 
the  RF  voltage  applied  to  the  quadrupole  rods.  The  regulation 
of  the  RF  voltage  itself  is  maintained  by  an  electrical  servo, 
which  compares  a  fraction  of  the  RF  voltage  with  an  analog 
control  voltage  and  generates  a  correction  signal  to  the  RF 
supply  when  these  do  not  track. 

The  details  of  the  RF-DC  system  are  shown  on  sheets  SN  4 

and  SN  5.  A  simplified  schematic  appears  as  Figure  8. 

When  RF  currents  flow  in  the  transformer,  the  rectifiers 

V^A  and  V^B  will  develop  proportionate  DC  potentials  on 

C  and  C  ,  providing  the  necessary  DC  drive  to  the  rods 
•  o 

along  with  the  RF  from  the  transformer.  Resistors  R  , 

4 

R  ,  R  ,  R  are  chosen  to  refine  the  RF-DC  ration  and  to 
3  D  7 

allow  rapid  changes  in  the  RF  and  DC  levels.  Trimming 
of  the  RF-DC  ratio  and  balance  is  accomplished  through 
Rg-Rjl*  A  portion  of  the  RF  voltage  appears  at  points  A 
and  B.  This  portion  is  rectified  by  and  is  delivered  as 
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RF  -  DC  Driver.  Level 
Detector  and  DC  Source 


a  comparison  signal  to  the  amplifier  A  whose  output  signal 


determines  the  drive  level  in  the  RF  generator.  Since  the 

comparison  is  to  the  control  voltage,  the  outputs  to  the 

quadrupole  rods  will  track  the  control  voltage  applied. 

4.  Electron  Multiplier  and  Electrometer:  The  ions  transmitted 

through  the  quadrupole  analyzer  are  accelerated  and  strike 

the  first  dynode  of  an  electron  multiplier  operated  at  about 

-2000  volts.  The  ions  dislodge  electrons  which  cascade 

through  the  multiplier  structure  with  a  gain  in  electron 
4  5 

current  of  10  -10  .  The  current  collected  at  the  output  of 

the  multiplier  is  delivered  to  a  multirange  electrometer. 

-  12 

Electron  currents  of  10  ampere  give  an  output  of  0.  1  volt 

-  8 

on  the  most  sensitive  scale  while  currents  of  2  x  10  give 
an  output  of  about  5  volts  on  the  least  sensitive  scales. 

(These  four  scales  arranged  with  sensitivities  which  descend 


by  powers  of  8  =  2  .  ) 


The  multiple  scale  electrometer  has  been  very  satisfactory 
to  the  accommodation  of  a  wide  dynamic  range  of  input 
currents.  It  is  unconventional  in  design,  and  a  patent 
disclosure  was  submitted  covering  its  novel  features.  The 
complete  electrometer  including  a  solid  state  switched 
current  integrating  feature  is  shown  in  sheets  SN  7  and  SN  8. 
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A  simplified  schematic  diagram  of  the  operating  principle 
is  shown  in  Figure  9. 


In  this  figure,  clearly,  the  output  of  A  will  be  at  10 


-  1  1 


amperes  per  volt  referred  to  the  input  current,  provided 

that  no  current  passes  the  diodes  leading  to  later  stages. 

The  output  of  A^  will  be  one  tenth  this,  or  10  ^  amperes 

per  volt  even  when  the  diodes  D  .  .  .  D  do  not  conduct, 

5  8 

so  long  as  and  R^  are  in  the  ratio  of  9:1.  Similarly, 

-9 

the  outputs  of  and  will  scale  at  10  amperes  per 

-  8 

volt  and  10  amperes  per  volt  respectively.  As  A^  nears 

saturation,  at  about  10  ^  amperes,  diodes  D  .  .  .  D 

5  8 

begin  to  conduct,  relieving  A^  of  further  current,  and 
extending  the  output  of  A^  beyond  the  level  determined  by 
the  input  coming  from  R  R  .  Similarly,  when  A.  nears 
saturation,  the  input  current  is  transferred  to  A^  and  so  on. 

Not  shown  in  Figure  9,  but  appearing  in  sheet  SN  7  are  four 
sense  amplifiers,  one  from  each  range.  These  sense  amp¬ 
lifiers  indicate  to  the  user  which  range  should  be  used  to 
read  input  current.  Figure  10  shows  the  output  characteristics 


for  a  four  decade  electrometer.  The  points  marked  T^ 
T^  y  T^  indicate  the  point  at  which  input  current  is 
transferred  to  each  of  the  amplifiers,  A  A  A  . 

Lj  O 
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Autoranging  Electrometer  Scheme 


SATURATION 


21-2 


Response  of  the  Auto¬ 
ranging  Electrometer 


Also  appearing  on  sheet  SN  7,  are  the  switching  provisions 

for  the  integrating  mode  of  the  electrometer.  The  switching 

function  is  controlled  by  digital  commands  through  U^. 

Actual  discharge  of  the  integrating  capacitors  is  accomplished 

by  servo  amplifiers  U  ,  U  ,  U^,  U  which  supply  currents 

to  the  inputs  of  A  A.  A„  and  A,  until  the  outputs  settle  to 
12  3  4 

zero.  The  servo  amplifiers  are  disconnected  during  inte¬ 
gration  through  the  action  of  the  FET  switches  and  isolating 
diodes. 

C.  DIGITAL  SYSTEM 

The  operation  and  control  of  the  vapor  detection  system  is 
entirely  under  digital  control.  Control  routines  are  maintained 
in  the  stored  program  of  a  microcomputer.  Access  and  selection 
of  routines  is  available  to  an  operator  through  front  panel  switches. 
The  digital  operation  is  interfaced  to  the  analog  requirements 
through  appropriate  digital  to  analog  and  analog  to  digital 
converters.  The  digital  system  is  organized  around  three  data 
busses  as  shown  in  sheet  SN  35.  The  A-buss  carries  16  bits, 

14  of  which  constitute  the  address  line  and  2  of  which  are  control 
indicator  lines.  The  A-buss  is  actuated  by  the  computer  and  is 
sensed  and  decoded  by  the  other  elements  attached.  The  I 
(input)  buss  carries  8  bits  of  data  to  be  read  into  the  computer 
as  required.  The  0  (output)  buss  carries  the  data  output  from 
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the  computer.  These  data  are  addressed  by  the  A-buss  to 


selected  terminal  elements.  In  addition  to  the  data  busses, 
various  control  lines  are  routed  between  elements  of  the  system. 
The  computer  and  other  elements  are  separately  described  below. 

General  Purpose  Digital  Computer:  The  computer  used  in  the 
portable  vapor  detection  system  was  specially  designed  and 
developed  for  this  application  in  order  to  accommodate  size,  weight, 
and  power  constraints.  The  computer  itself  is  comprised  of  two 
4  by  6  inch  circuit  cards;  the  memory  and  accessory  elements 
are  distributed  on  an  additional  8  cards  in  the  left  hand  card  cage 
of  case  A.  The  computer  was  designed  around  the  Intel  8008 
microprocessor.  The  processor  itself  is  an  18  pin  microelectronic 
device  using  MOS  technology.  It  is  a  parallel  access  8  bit  byte 
oriented  processor  with  an  externally  initiated  and  clocked 
variable  cycle  time  of  from  7-12.  5  microseconds.  The  device 
is  provided  with  an  8  level  program  counter  of  14  bits  per  level 
for  nesting  of  sub-routines,  a  7  level  by  8  bit  set  of  working 
registers,  an  instruction  register  and  ALU  control  section,  the 
8  bit  ALU  itself  and  the  necessary  additional  decoders  and 
control  elements  for  moving  and  processing  data  in  accordance 
with  the  versatile  instruction  set.  A  block  diagram  of  the  device 
is  shown  in  Figure  11. 
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FIGURE  II. 


The  8008  communicates  with  the  external  world  through  8  bit 
words  transmitted  in  both  directions  via  an  8  bit  internal  data 
bus.  Internal  cycling  of  the  device  is  initiated  externally  and 
controlled  internally  cycle  status  is  communicated  externally 
through  status  lines  and  a  synchronizing  signal.  A  high  logic 
level  on  the  ready  line  or  the  interrupt  line  will  initiate  an 
operating  cycle.  Figure  12  shows  the  operating  cycle  of  the 
8008.  Entry  is  either  from  "WAIT"  with  a  "READY"  signal, 
or  from  the  interrupted  condition  leading  to  T  11.  (An  interrupt 
initiates  the  escape  from  a  stopped  condition. ) 

During  T1  or  Til  and  T2  two  bytes  of  address  and  control 
information  are  presented  to  the  data  lines.  This  information 
is  captured  in  two  8  bit  latches  external  to  the  800  8,  (U^,  U 
U  ,  Ui9  °n  This  address  and  control  information  is 

held  and  is  available  during  the  WAIT  and  subsequent  cycles. 
Normally  it  is  decoded  to  actuate  an  input  device  such  as  memory 
and  thereby  have  data  ready  for  the  8008  data  lines  during  the 
appropriate  part  of  T3.  The  decision  and  exact  time  of  data 
input  is  mediated  by  the  control  bits  held  on  U19  and  clock  and 
synch  information.  (Trace  U19  1 1 5,  16}  ,  U3  i  12,  13}  ; 

U 12  £  1,  2,  13 }  ,  U4  i  3  }  ,  U3  {  9,  10}  ;  U17,  U18  on 
sheet  SN  28.)  The  8008  accepts  this  information  and  takes 


24 


I 


a 


24-1 


Intel  8008  Internal  Flow  Diagram 


appropriate  action  during  subsequent  steps  in  the  cycle.  For 
example,  if  the  input  data  at  T3  is  a  move  word  instruction  to 
transfer  data  from  the  B  register  to  the  C  register  in  the  8008, 
(11010001),  then  in  T4,  data  from  the  B  register  are  transferred 
to  a  working  register,  b,  and  in  T5  data  from  this  working  register 
are  transferred  to  the  c  register.  At  the  completion  of  these  two 
steps  for  this  instruction,  the  operation  cycle  advances  auto¬ 
matically  to  T 1  and  T2  at  which  times  new  address  and  control 
bits  are  cycled  through  the  data  lines  for  external  capture. 

If  the  instruction  or  other  input  data  are  faulty  or  mistimed,  the 
computer  may  enter  the  STOP  condition  immediately.  An 
instruction  of  00000000  or  one  of  11111111  on  the  I-buss  will  lead 
to  a  halt  .  Instructions  in  error  may  also  simply  result  in  mis- 
execution  of  the  program  with  no  halt  at  the  time  of  error. 

Proper  timing  of  the  input  data  and  presentation  of  proper  data 
from  memory  and  other  sources  preclude  such  undesired  miscues. 

In  addition  to  several  important  decoding  procedures  which 
supervise  the  routing  of  data  to  and  from  the  computer,  there  are 
several  other  sequences  generated  whose  timing  is  critical  to 
the  operation  of  the  computer.  Not  all  of  these  will  be  described; 
however,  by  way  of  example,  the  timing  for  an  interrupt  cycle  is 
described  as  follows.  The  8008  can  accept  an  interrupt  command 


25 


at  any  time  except  within  200  nanoseconds  of  the  falling  edge 


of  the  phase  1  clock  pulse.  In  order  to  ensure  the  safe  entry 
of  an  interrupt,  the  external  command  to  interrupt,  (which 
may  arrive  at  any  time),  is  held  up  in  a  flip  flop  circuit,  Ull  {.9-13) 
and  is  transferred  to  the  interrupt  line  via  U4  precisely  at  the 
rising  edge  of  the  phase  1  clock  which  places  this  signal  more 
than  200  nano  seconds  from  the  falling  edge.  (The  phase  1  clock 
pi  use  has  a  width  of  at  least  700  nano  seconds.)  The  timing 
requirements  for  data  routing  are  summarized  in  Figure  13  which 
shows  a  typical  step  of  the  operation  cycle,  here  labeled  T3. 

Timing  fiducials  are  taken  from  the  clock  (input)  and  SYNCH 
(output)  pulses.  The  time  margins  specified  by  the  manufacturer 
are  shown  in  the  accompanying  table. 

2.  Memory:  The  computer  operates  with  a  memory  system 
which  includes  1792  8  bit  words  of  read  only  memory,  (ROM), 

and  1024  8  bit  words  of  random  access  memory,  (RAM).  The 
ROM  holds  the  stored  program  while  the  RAM  is  used  for  data 
and  program  variables.  The  ROM  is  made  up  of  seven  MOS 
devices  each  containing  256  words  of  8  bits.  The  memory  is 
static  and  each  device  decodes  8  bits  of  address.  An  additional 
7  bits  of  address  is  decoded  externally  to  select  ROM  in  blocks 
of  256  words,  (up  to  14  blocks  are  directly  accessible). 
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SYMBOL 

PARAMETER 

8008 

8008-1 

UNIT 

TEST  CONDITIONS 

LIMITS 

LIMITS 

MIN. 

MAX. 

MIN. 

MAX. 

tCY 

CLOCK  PERIOD 

2 

3 

1.25 

3 

MS 

tR,t  F  =  50ns 

t  F 

CLOCK  RISE  AND  FALL  TIMES 

50 

50 

ns 

*01 

PULSE  WIDTH  OF  0 ^ 

.70 

.35 

MS 

l02 

PULSE  WIDTH  OF  02 

.55 

.35 

MS 

*D1 

CLOCK  DELAY  FROM  FALLING 
EDGE  OF  </>,  TO  FALLING  EDGE 

OF  <t> 2 

.90 

1.1 

1.1 

MS 

lD2 

CLOCK  DELAY  FROM  02  TO  0, 

.40 

.35 

Ms 

lD3 

CLOCK  DELAY  FROM  </>,  TO  <t>7 

.20 

.20 

MS 

*  DD 

DATA  OUT  DELAY 

1.0 

1.0 

MS 

CL=  lOOpF 

tOH 

HOLD  TIME  FOR  DATA  OUT 

.10 

.10 

MS 

t|H 

HOLD  TIME  FOR  DATA  IN 

dl 

HI 

MS 

*SO 

SYNC  OUT  DELAY 

.70 

.70 

MS 

CL=  lOOpF 

'si 

STATE  OUT  DELAY  (ALL  STATES 
EXCEPT  T 1  AND  Til)121 

1.1 

1.1 

MS 

CL=  lOOpF 

*S2 

STATE  OUT  DELAY  (STATES 

T1  AND  Til) 

1.0 

1.0 

Ms 

CL=  lOOpF 

lRW 

PULSE  WIDTH  OF  READY  DURING 
0?2  TO  ENTER  T3  STATE 

.35 

.35 

MS 

*RD 

READY  DELAY  TO  ENTER  WAIT 
STATE 

.20 

.20 

MS 

1 11  f...  MIN  >  i. ...  1  ^  II  tlx*  INUTMlUfT  is  not  used,  oil  states  have  the  same  output  ilt.lay,  t.t1. 
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FIGURE  13. 


The  first  ROM  card  is  shown  in  sheet  SN  30.  The  high  bits 

for  decoding  are  processed  in  U7,  U8,  U9.  Bit  A  ^  distinguishes 

a  read  cycle  and  Bits  A  and  A  distinguish  ROM  from  RAM. 

13  12 

Bits  A^,  A^,  A^,  Ag  select  ROM  blocks.  The  decoding  of 

A  i^,  A^,  ^12’  ^11  *S  extenc^e<^  to  second  ROM  board  whose 
circuit  is  identical  to  sheet  SN  30  except  for  the  omission  of  U8 
and  U9.  Expansion  of  ROM  to  a  total  of  7680  words  is  possible 
with  the  address  scheme  devised. 

When  a  ROM  address  with  read  control  is  placed  by  the  computer 
on  the  A-buss,  the  ROM  responds  by  placing  the  appropriate 
word  on  the  I-buss.  The  computer  at  this  point  is  cocked  to  enter 
a  WAIT  step,  pending  issuance  of  a  signal  on  the  ready  line.  The 
cycle  time  of  the  ROM  is  sufficiently  fast,  (maximum  of  1  micro¬ 
second),  that  no  wait  is  necessary;  therefore,  the  decoded  address 
automatically  sets  the  ready  line  and  the  computer  will  skip  the 
WAIT  step  and  proceed  directly  to  T3,  thereby  speeding  up  the 
computer  operation. 

It  will  be  noted  that  in  the  decoding  on  the  first  ROM  board, 
blocks  zero  and  two  are  reserved  for  other  functions.  These 
blocks  are  designated  specifically  as  follows:  Block  zero  accesses 
a  start  routine,  the  operator  control  switch  positions,  the 
spectrometer,  and  the  hardware  multiply  and  divide  functions. 
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Block  two  accesses  the  display.  The  extensive  input-output 
requirements  represented  in  these  functions  exceed  the  normal 
input- output  capability  of  the  8008.  The  fact  that  its  cycling 
is  under  external  control  at  all  times  allows  the  use  of  the  entire 
memory  field  for  input-output  functions.  This  method  of  access 
has  a  great  advantage  for  application  to  systems  requiring 
extensive  communication  with  external  devices. 

The  1024  bit  RAM  is  made  up  of  8  MOS  static  devices  each 
comprising  a  1024  word  by  1  bit  memory.  Ten  address  bits 
are  decoded  on  the  devices.  The  remaining  6  bits  are  decoded 
as  shown  in  sheet  SN  31  through  U10,  Ull,  U12,  U13.  The  RAM 
circuit  board  has  decoding  facility  to  manage  a  second  block  of 
1024  words  of  RAM  and  further  expansion  to  add  three  more  blocks 
of  2048  words  each  is  possible  with  the  address  scheme  chosen. 

As  in  the  case  of  the  ROM,  the  RAM  when  selected,  places  a 

word  on  the  I-buss  to  be  read  and  at  the  same  time  actuates 

the  ready  line.  The  RAM  responds  to  an  additional  requirement 

defined  by  the  computer;  namely,  a  write  cycle.  This  cycle  is 

under  computer  control  and  is  signaled  by  bits  A  and  A 

14  15 

When  these  two  lines  are  both  low,  (inverted  from  A  =  A  =1 

14  15 

at  the  computer),  the  cycle  is  a  write  cycle,  and  with  the  ready 
signal  returned,  the  computer,  in  step  T3  presents  a  word  to 
the  output  latch  U20  and  U2  1  sheet  SN  28.  This  word  is  written 
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on  the  RAM  at  the  memory  address  decoded  from  bits  AQ  -  A^. 
Actual  entry  into  RAM  occurs  when  the  write  strobe  is  issued 
in  step  T3.  This  strobe  is  delayed  from  the  output  latch  strobe 
by  500  nanoseconds  to  allow  for  data  to  be  settled  at  the  input  of 
the  RAM  prior  to  writing. 

3.  Hardware  Multiply  and  Divide:  For  many  applications,  multi¬ 
plication  and  division  can  be  handled  by  software  using  addition, 
subtraction,  and  shift  instructions.  There  are  no  multiply  or 
divide  instructions  in  the  instruction  set.  Software  multiplication 
and  division  are  relatively  s.low,  and  if  more  speed  is  required, 
a  hardware  device,  (HMD),  increase  speed  very  substantially. 

In  the  vapor  detection  system  two  4  by  6  inch  cards  hold  the 
necessary  components  for  the  HMD  function.  The  HMD  used  is 
a  conventional  add- shift  device  which  is  operated  from  the  computer 
as  a  set  of  memory  locations.  It  is  a  synchronous  to  the  computer, 
having  its  own  clock.  Mis- timing  of  data  transfer  is  precluded  by 
the  use  of  the  WAIT  step  in  the  computer  cycle.  The  HMD  issues 
a  ready  signal  only  after  it  is  prepared  for  data  transfer  either 
in  or  out.  In  a  typical  utilization  of  the  HMD,  data  are  loaded, 
for  the  operands,  to  registers  on  the  HMD  board.  The  routing 
of  these  data  for  either  multiplication  or  division  is  under  address 
control  through  bits  A3,  A bit  A^  actually  sets  multiply  or 
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divide  routing  by  appropriate  setting  of  the  flip  flop  shown  in 
sheet  SN  32,  U2  {1-6}  . 

A  total  of  four  bytes  of  operand  data  are  entered  by  the  computer 

0-buss  and  routed  by  address  decoding  of  A  ,  A  ,  A  ,  in  U19  alone 

ol2  6 

with  the  multiply/divide  decoding  held  in  U2.  The  operation  cycle 
under  HMD  clock  control  is  initiated  with  the  entry  of  the  fourth 
byte.  Multiplication  of  8  bit  by  16  bit  operands  and  division  of 
24  bit  by  8  bit  operands  requires  about  35  microseconds.  The 
results,  either  product,  or  quotient  and  remainder,  are  held  in 
the  shift  registers  U8  -  U13  of  sheet  SN  32.  These  are  gated, 
under  address  control,  8  bits  at  a  time  through  U15  -  U20  to 
the  I-buss  for  reading  by  the  computer.  The  HMD  ready  line  is 
not  actuated  until  data  are  ready!  however,  since  the  computer 
must  advance  an  address  and  call  the  data,  the  delay  to  the 
computer  will  be  less  than  20  microseconds. 

4.  Display:  The  output  information  from  the  vapor  detection 

system  is  displayed  with  256  step  resolution  on  a  conventional 

television  set.  In  order  to  reduce  the  display  load  on  the  computer 

time,  a  display  controller  with  its  own  memory  is  interposed  I 

between  the  computer  and  the  vido  system.  This  controller  with 

its  own  independent  clock  supplies  all  of  the  video  and  synchronizing 

signals  required  for  a  static  display.  The  computer  communicates 
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with  the  display  controller  only  when  new  data  need  to  be  displayed. 

Since  the  display  involves  a  video  band  width  of  about  4  MHz,  a 
very  fast  memory  must  be  used  in  its  controller.  The  data  for 
display  are  stored  on  a  32  word  by  8  bit  fast  bipolar  RAM.  Since 
this  RAM  is  continuously  in  use  by  the  display,  entries  from  the 
computer  must  be  interlaced  with  the  display  RAM  control  cycle. 

To  accomplish  this  without  disturbing  computer  timing,  address 
and  data  information  from  the  computer  for  the  controller  is 
captured  under  computer  control  on  latches  in  the  controller. 

These  latches  are  comprised  of  U18  -  U21  shown  on  sheet  SN  34. 

Data  are  then  read  from  these  latches  into  the  fast  memory, 

U9  -  U12  with  timing  mediated  by  the  display  controller.  This 
internal  transfer  is  selected  16  times  during  each  raster  line, 
or  about  every  2.  6  microseconds.  The  available  time  for  transfer 
is  approximately  200  nanoseconds  in  the  interlace  with  video 
requirements.  The  internal  transfer  is  inhibited  during  the  time 
in  which  the  computer  writes  on  the  latches  by  disabling  of  the 
gate  at  U 16  {9}  in  order  to  avoid  even  a  temporary  ambiguity 

of  data  entry  to  the  fast  RAM. 

I 

From  the  standpoint  of  the  computer,  the  display  controller  is 
simply  a  "write  only  memory"  of  32  words.  From  the  stand 
point  of  the  system,  it  contains  a  memory  which  is  shared 
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between  the  computer  and  the  display  with  duplexed  address 
control  and  completely  asynchronous  timing. 

5.  Spectrometer  Interface:  The  normal  spectrometer  cycle  time 
is  approximately  one  millisecond.  During  this  time,  an  elaborate 
sequence  of  events  takes  place.  While  these  events  could  easily 
be  placed  under  computer  program  control,  use  of  the  computer 
for  sequence  control  would  consume  a  great  deal  of  computer 
time.  For  this  reason,  a  hardware  controller  and  interface  have 
been  provided  for  control  and  reading  the  spectrometer.  This 
subsystem  is  divided  into  two  sections  which  are  interconnected 
via  opto  isolators  to  isolate  the  ground  of  the  sensitive  analog 
section  from  the  rest  of  the  system  and  thereby  avoid  ground  loop 
problems.  The  simplified  block  diagram  of  the  subsystem  is 
shown  in  Figure  14,  and  the  description  of  the  elements  follows. 

a.  Interface:  The  interface  cards,  (in  case  A),  are  attached 
directly  to  the  A,  I,  and  O-busses.  They  serve  primarily  to 
decode  the  address  and  act  as  a  two  way  data  shunt  under  control 
of  the  computer.  Sheet  SN  33  is  a  detailed  circuit  diagram  of  the 
two  circuit  boards.  Decoding  of  the  spectrometer  addresses  for 
write  and  read  is  accomplished  on  board  All.  Spectrometer 
commands  are  transmitted  under  decoded  address  control  to  the 
spectrometer  input  isolator  in  case  B.  Two  control  words  for 
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FIGURE  14. 

Spectrometer  Interface  Scheme 


mass  selection  and  one  dummy  word  to  start  the  spectrometer 
controller  are  transmitted  via  the  control  and  O-buss  gates 
U15-U17. 

Data  are  returned  to  the  interface  on  card  A 10  from  the  spectro¬ 
meter  output  isolator  where  they  are  stored  at  the  end  of  a 
spectrometer  cycle.  Access  to  these  data  is  under  computer 
control  to  gate  them  on  to  the  I-buss.  The  data  are  returned 
in  two  8-bit  bytes  each  byte  being  gated  in  response  to  a  specific 
address.  The  gates  and  the  computer  ready  signal  cannot  be 
actuated  even  with  the  proper  address  call  until  the  controller 
has  signaled  "data  ready"  via  Ull  tlO,  13}  ,(  sheet  SN  33); 

thus  assuring  transmission  of  valid  data  to  the  computer. 

b.  Optical  Isolation  and  Data  Control:  The  data  transmitted  to 
and  from  the  interface  pass  to  the  spectrometer  input  and  output 
elements  via  opto  isolators  shown  in  sheets  SN  14  and  SN  15. 
Optical  isolation  is  completely  straight  forward.  The  eleven 
lines  used  for  spectrometer  input  are  routed  to  two  of  the  three 
DAC  elements.  One  of  these  is  on  the  same  card  as  the  spectro¬ 
meter  input  isolator  shown  in  sheet  SN  14.  Data,  8  bits  at  a  time. 

are  routed  by  a  decoding  of  two  control  bits,  (a  and  a.  )  and 

8  9 

latched  in  the  DAC's  by  the  routed  input  strobe,  (a  jg)» 
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Decoding  and  routing  of  the  input  strobe  is  carried  out  on  the 
controller  card. 

The  output  isolator  card,  (see  sheet  SN  15)  includes  a  duplexer, 
U15  and  U16,  to  route  the  16  bit  digitized  electrometer  signal 
through  the  optoisolator s  to  the  output  latches,  U18-U21,  in 
two  8  bit  bytes.  Routing  is  mediated  by  the  spectrometer 
controllers,  and  the  routing  control  signal  and  output  strobe 
are  themselves  transmitted  via  optical  isolators  to  direct  the 
latching  of  data  and  actuation  of  the  data  ready  line. 

c.  Spectrometer  Controller:  The  function  of  this  element  is  to 
sequence  the  various  steps  of  spectrometer  operation  including 
the  following  items: 

(1)  load  nominal  mass  DAC,  (even  masses) 

(2)  open  electrometer  integrate  range  sense 

(3)  load  mass  correction  DAC 

(4)  start  mass  sweep  steps  and  sweep  DAC 

(5)  release  electrometer  integrate  reset 

(6)  count  mass  sweep  steps 

(7)  terminate  electrometer  range  sensing 

(8)  initiate  sample  and  hold 

(9)  initiate  analog  to  digital  conversion 

(10)  sense  conversion  complete 
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(11)  reset  electrometer  integrator 

(12)  transmit  first  byte  data 

(13)  transmit  second  byte  data 

(14)  set  data  ready  line 

(15)  go  to  idle. 


A  schematic  of  the  controller  is  found  in  sheet  SN  13.  The 

controller  starts  in  an  idle  condition  with  the  clocks,  Ul,  U7, 

U2,  U3  silent.  Initial  sequencing  occurs  when  a  ,  a  and  the 

8  9 

strobe  are  actuated.  Decoding  of  ag=  a^  =  o  will  allow  the  strobe 

to  pass  to  ’’gate  mass’1;  a  =  1,  a  =o  with  the  strobe  actuate 

8  9 

"gate  correction";  and  a  =  o,  a  =  1  with  the  strobe  actuate 

8  9 

"start".  These  events  are  shown  at  the  upper  left  on  the  timing 
diagram  given  in  Figure  15.  The  "start"  signal  also  opens  the 
electrometer  integrate  range  sense  in  U5  {5}  . 


The  "start"  command  initiates  a  4  millisecond  delay  with  U4 
for  spectrometer  settling  prior  to  sweep.  At  the  end  of  the 
delay,  the  sweep  stepping  clock,  Ul  is  released  to  start,  and 
the  electrometer  integration  reset  is  released  by  U5  [9].  The 
counters  U17  and  U10  count  sweep  steps  from  0  to  31;  the  5  coded 
count  bits  are  available  to  the  sweep  DAC.  At  state  31,  the 
electrometer  integrate  range  sense  is  closed;  (one  state  step 
of  about  3  milliseconds  before  analog  to  digital  conversion). 
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The  completion  of  state  31  initiates  the  read  sequence.  The 
sweep  step  clock  stops,  and  the  reader  clock  U3  is  started 
by  U6  {12}  .  This  clock  steps  the  upper  3  bits  of  the  counter 

U10.  Whereas  the  mass  step  clock  rate  is  about  3  milliseconds 
per  pulse,  the  reader  clock  rate  is  about  10  microseconds  per 
pulse.  The  second  step  of  the  reader  clock  sets  the  sample  and 
hold  command;  the  third  initiates  the  electrometer  ADC  con¬ 
version.  During  the  conversion  which  occupies  about  30  micro¬ 
seconds,  the  reader  clock  is  held  up  by  the  end  conversion  line 
via  U6  {13,  12}  .  When  conversion  is  complete,  the  reader 
clock  recommences.  The  fourth  reader  clock  pulse  sets  the 
duplex  for  the  first  byte  of  ADC  data  and  the  fifth  strobes  this 
byte  to  the  spectrometer  output  data  latches.  The  sixth  pulse 
sets  the  duplex  for  the  second  byte  of  data,  and  the  seventh 
strobes  this  second  byte  to  the  second  set  of  output  data  batches. 
The  last  reader  clock  pulse  spaces  a  general  reset  pulse  which 
resets  the  state  counters  through  U19  £  1 3}  and  U8  {3,  6}  . 

At  this  point  the  controller  has  completed  its  cycle  and  is 
ready  for  the  next  command. 
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Ill  SOFTWARE 


A.  GENERAL  DESCRIPTION 

1.  Structure:  The  Intel  8008  microprocessor  used  in  the  suitcase 
computer  is  byte  oriented  and  has  a  generous  (8  level)  address  stack. 
These  features,  combined  with  the  large  variety  of  operations  and 
data  processing  required,  prescribe  a  program  for  operation  of  the 
spectrometer  and  its  data  processing  and  display  which  is  heavily 
built  on  the  use  of  subroutines,  many  of  which  are  used  for 
multiple  purposes. 

Since  the  permanent  program  is  stored  on  (reprogrammable)  read 
only  memory  (ROM),  no  special  provision  is  required  to  save 
memory  at  shutdown.  The  shutdown  cycle  is  simply  the  removal 
of  power  to  the  system  and  every  restart  performs  a  complete 
initialization.  There  are  no  requirements  to  complete  any 
instruction  loop  at  shutdown. 

The  memory  used  in  the  program  is  comprised  of  1792  words  of 
ROM  and  1024  words  of  random  access  memory  (RAM).  The  RAM  is 
volatile  and  is  lost  upon  power  shutdown. 

All  of  the  routines  used  in  the  program  are  called  from  a  primary 
operation  loop  (PLOP)  located  at  the  beginning  of  the  ROM,  and  each 
subsidiary  loop  returns  eventually  to  the  primary  loop. 
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The  direction  of  the  program  from  the  primary  loop  is  governed 
by  operator  selection  of  front  panel  switches.  Each  subsidiary 
loop  will  continue  to  its  normal  terminus  before  the  program  will 
accept  the  direction  of  new  switch  commands. 

Movable  instructions  and  data  are  handled  in  the  RAM.  Address 
organization  in  the  RAM  is  designed  to  reduce  the  manipulation 
required  to  generate  two  word  memory  addressing.  The  principal 
organization  of  the  RAM  for  data  handling  is  built  around  a  data 
matrix  of  8  columns  by  32  rows.  This  matrix  organizes  the 
storage  of  raw  and  processed  data  from  the  inspection  of  up  to 
16  mass  peaks  in  double  precision.  A  matrix  address  director 
routine  (MADD)  maneuvers  the  program  operations  through  this 
matrix. 

2.  Operations:  The  program  provides  for  the  ordering  and  execution 
of  four  principal  operations  described  below. 

a)  Start-up  and  executive  loop:  When  power  is  applied  to  the  system, 
an  interrupt  command  applied  from  the  front  panel  through  the 
computer  reset  switch  starts  the  program.  This  operation  first 
initializes  the  RAM  and  then  proceeds  to  the  primary  loop  (PLOP). 

b)  Read  the  switches:  The  program  is  under  operator  control 
through  the  front  panel  switches.  These  switches  are  monitored 
in  the  primary  loop  and  in  every  subsidiary  loop.  The  computer 
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interprets  the  switch  commands,  and  each  interpretation  accesses 
one  or  more  subsidiary  loop  to  direct  the  system  operation, 
c)  Control  of  hardware:  Peripheral  hardware  is  operated  by  the  computer 
and  data  are  returned  in  the  case  of  the  spectrometer.  The  program 
accesses  the  peripherals  simply  as  memory  locations  with  either 
write  or  read  properties.  There  are  three  peripheral  hardware 
elements;  namely,  the  spectrometer,  the  display,  and  the  hardware 
multiply  and  divide. 

From  the  point  of  view  of  the  program,  the  spectrometer  is  a  five 
word  memory;  three  words  for  writing  and  two  words  for  reading. 

The  usual  routine  for  the  computer  is  to  write  three  words  for  the 
command  to  the  spectrometer  to  access  a  (half)  peak  segment. 

The  actual  scanning  of  the  half  peak  segment  is  performed  by  an 
independent  digital  hardware  controller  in  a  normal  time  of 
approximately  50  milliseconds.  Data  are  captured  in  a  two  word 
memory  and  are  ready  for  access  when  required.  During  the 
time  of  operation  of  the  spectrometer,  the  computer  is  free  to 
perform  other  functions  such  as  data  processing.  No  interrupts 
are  used;  when  the  computer  is  ready  for  data  it  simply  accesses 
the  two  word  memory  where  data  are  held.  A  valid  data  ready  signal 
is  included  in  this  access  cycle  to  prevent  the  transmission  of 
faulty  data. 
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The  computer  accesses  the  display  as  a  ’’write  only  memory”  of 
32  words,  each  word  representing  one  vertical  bar  on  the  display 
screen.  Data  written  into  this  memory  are  used  continuously 
by  the  hardware  display  controller,  and  the  display  continues 
indefinitely  without  mediation  of  the  computer.  Rapid  update  of 
the  display  one  word  at  a  time  can  be  called  from  the  computer; 
however,  the  computer  is  completely  free  of  any  tasks  of  display 
operation. 

The  instruction  set  of  the  Intel  8008  does  not  include  multiply  and 
divide  instructions.  Since  in  the  CPU  these  processes,  if  carried 
out  by  program  or  micro- program  control  would  be  extremely 
time  consuming,  a  fast  hardware  multiply  and  divide  element  is 
included  in  the  computer.  This  element  is  structured  to  handle 
3  byte  24  bit  results.  Its  access  is  through  four  address  locations 
to  enter  operands  each  for  multiply  and  divide  and  three  address 
locations  each  to  quotient  and  product  results, 
d)  Data  processing:  The  nominal  fragment  ion  mass  values  are 
prescribed  in  the  mass  table  along  with  software  gain  factors  to 
be  used  in  data  processing.  The  primary  data  handling  and 
processing  accesses  major  manipulations,  including  the  data  matrix 
mentioned  above,  a  data  scaling  routine  using  a  software  gain 
control,  an  exponential  filtering  routine,  a  square  root  data 
compression  routine,  and  sweep  calibration  routines. 
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The  data  scaling  routine  applies  a  software  gain  factor  to  the 
spectrometer  data  which  arrive  with  10  bit  resolution  and  octal 
exponent  scale  factors  designed  to  rationalize  data  from  all  peaks, 
(which  may  vary  in  intensity  by  factors  larger  than  10  ),  into  a 
16  bit  format.  The  dynamic  range  of  the  software  gain  control 
is  11  bits  and  that  of  the  electrometer  is  19  bits.  Prior  knowledge 
of  the  background  spectrum  and  signature  peak  ratios  is  used  to 
set  the  software  gain  factors.  Overrange  provision  is  made  for 
peaks  which  may  fall  outside  the  dynamic  capacity  of  the  data 
scaling  process. 

The  exponential  filter  successively  applies  a  smoothing  routine 
to  the  data  for  each  peak,  using  a  variety  of  time  constants.  The 
basic  algorithm  used  successively  from  column  to  column  in  the 
data  matrix  is  as  follows: 


P 


(o) 
k,  JL 


A[p<k-t>.  *]+<i-a>  [pk.(y  ] 


(i) 


where  the  superscript  (o)  refers  to  the  current  value  and  (1)  refers 
to  the  next  prior  value,  j i  refers  to  the  row  in  the  matrix  for  a 
particular  fragment  ion  mass,  and  k  is  the  column  index  and  the 
sequence  of  smoothing.  Analog  expressions  for  (1)  may  be 
stated  as  follows: 


41 


V  -  t 


X 


(V)  d  t  1 


(2), 


-00 


o,  j l 
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and  (2),  (3),  and  (4)  may  be  combined  to  give 


(3), 


(4), 
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o,  i  (t")dt"  (5), 


d  t'" 


(6), 


In  equations  (2)  -  (6),  X  ,  X  and  X  are  the  successively 

smoothed  values  of  the  input  data  X  ,  and  r  ,  ,  r^»  T  are  the 

o,  Si  12  3 

respective  smoothing  time  constants. 

The  square  root  routine  generates  a  close  approximation  to  the 
true  square  root  of  16  bit  data  values,  thereby  reducing  the  span 
of  the  data  values  to  8  bits  for  the  display  without  loss  of  sensitivity 
in  the  display  to  the  eye  for  small  peaks.  The  square  root  is 
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generated  by  computing  the  binary  logarithm  of  the  number 
approximately,  in  one  step,  dividing  this  logarithm  by  two, 
and  then  computing  the  antilogarithm  of  the  quotient  approximately 
again  in  one  step.  This  compact  program  produces  errors  which 
are  small  and  progress  smoothly  on  the  high  side  of  true  values 
between  the  numbers  which  are  squares  of  integers.  Roots  of 
the  squares  of  integers  are  computed  exactly. 

The  computation  is  carried  out  as  follows:  If  N  is  a  binary  number 
^  1  expressed  as 

N  =  2k  +  R 

where  R  =  a^  2  +a^2  +... 

and  the  a's  are  zero  or  one,  the  approximate  binary  logarithm 
is  given  by 

log2  (2k  +  R)?L2=(k  -l)  +  z(^  -^) 

or  L2=  (k  -  1)  +  M  (7) 

To  find  the  anti  logarithm  of  ^2  _ 

2  "  C  +  F 

where  C  is  an  integer  and  F  is  the  remaining  binary  fraction, 
a  similar  approximation  leads  to  /N: 

/N  ~  antilog  (C  +  F)  ~  2°  {  £  (F  +  1)  }  (8)  I 

Where  negative  numbers  are  manipulated,  the  program  is 
structured  to  give 
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SQRT  (N  <  o)  =  -SQRT  (  |n|  ) 

since  the  process  is  for  data  compression  and  not  for  mathemat¬ 
ical  function. 

Sweep  calibration  is  accomplished  by  comparing  the  intensity 
values  for  the  (nominal)  lower  and  upper  half  peaks  addressed 
in  the  calibration  routines.  If  the  two  half  peak  values  are 
not  equal,  then  the  (DAC)  value  given  the  spectrometer  for 
the  peak  was  incorrect.  If  the  lower  half  peak  is  the  larger, 
then  the  (DAC)  value  is  too  high,  and  vice  versa. 

The  DAC  values  are  derived  in  the  computer  from  the  nominal 
value  for  the  peak  and  a  correction  term  which  is  interpolated 
for  the  peak  from  a  correction  table  maintained  in  the  RAM. 

In  mode  zero  selected  correction  constants  in  this  table  are 
automatically  adjusted  until  the  two  half  peaks  balance.  In 
mode  7,  adjustment  of  correction  constants  is  under  manual 
control. 

B.  FLOW  CHARTS 

The  flow  charts  attached  outline  the  logic  of  various  routines  in  the 
program.  The  first  sheet  shows  the  entry  to  the  program  and  the 
operation  of  the  primary  loop.  Numbers  and  letters  appearing  by 
the  boxes  refer  to  subsidiary  routines  on  following  sheets.  There 
are  many  shorter  routines  in  the  call  list  pages  following  the  flow 
charts.  The  functions  of  these  routines  is  self  evident  and  they  may 
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be  traced  easily  in  the  listing. 

C.  PROGRAM  LISTS 

1.  Subroutine  call  list. 

2.  Memory  maps. 

3.  Programmed  mass  table. 

4.  Double  switch  mass  selection. 

5.  Program  listing. 
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SUBROUTINE  CALL  LIST 
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SUBROUTINE  CALL  LIST 
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SUBROUTINE  CALL  LIST 


CALL 

ADDRESS 

TITLE 

5KPZ 

SKiP 

SSlC* 

3>U47 

3?£.C  1/Vl  ,3  1GnJ  *£oOT/^ 

SSG1 

“?>  (e?6>  ?> 

b6=,"lo 

0'p££AkJ*D  SiGkJ  RooTiOiS 

S(S-M1 

VI  2  b 

CMAm6<£  Sl&kl  b  bYTSS 

C^IAT. 

21 VI 

SKP\ 

3>14o 

Ski  i  p 

STo'E. 

3>7  £° 

SAY£  ££.£  lST£2S 

E.VT4 

31*4 

SAv/(5  266  lSTi=l2;<i  ,  £XT  £  RuKl.  ASDEj 5SS 

evr-s, 

Z1ZL 

E.^2 

31b  o 

KesT 

31  b4 

2£SToEt  ?£6fSie?S 

bln  o 

^eSToEi  2£6lvr£2.S,  £*T£2>oA<  -AtobE&SS 

EST3» 

3112 

^C"Z 

3114 

p£Vui 

4coo 

2t3AS  SuJiTCM^S,  SToiZe- 

£  i<?  O 

4o2i> 

?6>20  CouOTtb  LoCArioOS  \  kj  J?&aA 

tSPt 

4o=V 

biSPi-Ay 

SHOUJ 

4o&  l 

SKOuj  a  bas. 

SAo  1 

4cio 

LEbl 

4o1l 

bArA  e£bvjCr/oO  P£ob2AA-.A’eb  friASS 

1>Po4 

4|2ST 

Smooth  bArA 

bEol 

<4l4o 

bArA  bi  Ff 

t*p1 

4lTL 

Set  UP  tMSpLAY  peoGfEA/'/’Mt'b  AO  ASS 

bstl 

4222" 

* 

bSlS 

42^V 

b2  b2 

4270 

Co  M  Pf4  »2  ( So^J  Pi^oGC.A/'  Fii^^T  PcSA 

beb  3 

4^02 

CoM?AL:Sok)  "p££>GHAfA  ,  jcCcj^b  TdA 

bSPo 

4^1 

SKIP  biSPi Ay  ,  (oW£  uJoeti  -SUB  e.ouri*o<s) 

HCMb 

4  332 

bouVc  SioitcK  SuP£  E-v  <soe. 

67 


SUBROUTINE  CALL  LIST 
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MEMORY  MAP,  R.O.M.  CONSTANTS 
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VI  CONCLUSIONS  AND  RECOMMENDATIONS 


The  portable  mass  spectrometer  system  has  demonstrated  that 
part  per  billion  detection  performance  can  be  available  in  a 
truly  portable  way.  Although  only  the  briefest  of  tests  were 
possible  due  to  a  requirement  for  immediate  delivery,  the  system 
was  able  to  detect  the  lower  boiling  point  solvents  with  a 
sensitivity  comparable  to  prior  vapor  detection  equipment  which 
it  resembles.  The  operation  of  the  microcomputer  and  digital 
system  meets  all  of  the  expectations,  and,  where  new  software 
may  be  desired  it  has  the  flexibility  to  be  reprogrammed  to  suit 
such  applications  needs  as  may  later  be  required. 

Logistics  of  transportation  are  relatively  simple.  For  transport, 
the  equipment  is  furnished  with  easily  procured  batteries  which 
will  supply  the  high  vacuum  needs  for  a  period  of  up  to  48  hours. 
Power  for  this  purpose  may  also  be  introduced  via  an  external 
plug  through  a  closed  case.  The  cases  are  moderately  heavy  but 
manageable.  The  electronics  and  control  section  in  its  case  weighs 
about  40  lbs,  while  the  spectrometer  case  weighs  just  over  80 
pounds.  The  cases  are  of  moderate  size,  each  measuring  26  x  18  x  9 
inches.  Supply  at  the  destination  requires  less  than  350  watts 
of  commercial  power  from  110V  60Hz  lines. 

In  view  of  the  limited  level  of  operating  experience,  it  is 
recommended  that  a  small  support  program  using  manufacturer's 
personnel  and  facilities  in  conjunction  with  Army  project  per¬ 
sonnel  be  instituted. 


75 


DISTRIBUTION  LIST 


Copies 

Commander  1 

US  Am\y  Materiel  Command 

ATTN:  AMCDL 

5001  Elsenhower  Avenue 

Alexandria,  VA  22333 

Comnander  3 

US  Army  Materiel  Coirmand 

ATTN:  AMCRD 

5001  Elsenhower  Avenue 

Alexandria,  VA  22333 

Commander  1 

US  Army  Materiel  Command 

ATTN:  AMCRD-P 

5001  Eisenhower  Avenue 

Alexandria,  VA  22333 


Director  of  Defense,  Research  &  Engineering  1 

Department  of  Defense 
WASH  DC  20301 

Director  3 

Defense  Advanced  Research  Projects  Agency 
WASH  DC  20301 

HQDA  (ODCSRDA)  2 

WASH  DC  20310 

HQDA  (DAMO-PLW)  1 

WASH  DC  20310 

Commander  1 

US  Army  Training  &  Doctrine  Conmand 

ATTN:  ATCD 

Fort  Monroe,  VA  23651 


76 


Commander 

US  Army  Combined  Arms  Combat  Developments  Activity 
Fort  Leavenworth,  KS  66027 


1 


Commander  1 

US  Army  Logistics  Center 
Fort  Lee,  VA  23801 

TRADOC  Liaison  Office  1 

HQS  USATECOM 

Aberdeen  Proving  Ground,  MD  21005 

Commander  1 

US  Army  Test  and  Evaluation  Command 
Aberdeen  Proving  Ground,  MD  21005 

Commander  1 

US  Army  John  F.  Kennedy  Center  for  Military  Assistance 
Fort  Bragg,  NC  28307 

Commander-In-Chief  1 

US  Army  Pacific 

ATTN:  GPOP-FD 

AP0  San  Francisco  96558 

Commander  1 

Eighth  US  Army 

ATTN:  EAGO-P 

APO  San  Francisco  96301 

Commander  1 

Eighth  US  Army 

ATTN:  EAGO-FD 

APO  San  Francisco  96301 

Commander-In-Chief  4 

US  Army  Europe 
ATTN:  AEAGC-ND 
APO  New  York  09403 

Commander  1 

US  Army  Alaska 

ATTN:  ARACD 

APO  Seattle  98749 


77 


Commander 

MASSTER 

ATTN:  Combat  Service  Support  &  Special  Programs  Directorate 
Fort  Hood,  TX  76544 

Commander 

US  MAC-T  &  JUSMAG-T 

ATTN:  MACTRD 

APO  San  Francisco  96346 

Senior  Standardization  Representative 
US  Army  Standardization  Group,  Australia 
c/o  American  Embassy 
APO  San  Francisco  96404 

Senior  Standardization  Representative 
US  Army  Standardization  Group,  UK 
Box  65 

FPO  New  York  09510 

Senior  Standardization  Representative 
US  Army  Standardization  Group,  Canada 
Canadian  Forces  Headquarters 
Ottawa,  Canada  K1A0K2 

Director 

Air  University  Library 

ATTN:  AUL3T-64-572 

Maxwell  Air  Force  Base,  AL  36112 

Battelle  Memorial  Institute 
Tactical  Technical  Center 
Columbus  Laboratories 
505  King  Avenue 
Columbus,  011  43201 

Defense  Documentation  Center  (ASTIA) 

Cameron  Station 
Alexandria,  VA  22314 

Commander 

Aberdeen  Proving  Ground 
ATTN:  STEAP-TL 

Aberdeen  Proving  Ground,  MD  21005 
Commander 

US  Army  Edgcwood  Arsenal 
ATTN:  SMUEA-TS-L 

Aberdeen  Proving  Ground,  MD  21010 


1 

2 

t 

1 

1 

1 

1 

1 

12 

2 

1 


78 


US  Marine  Corps  Liaison  Officer 
Aberdeen  Proving  Ground,  MO  21005 

Director 

Night  Vision  Laboratory. 

US  Army  Electronics  Command 
ATTN:  AMS  EL -N V -D  (Mr.  Goldberg) 

Fort  Bel  voir,  VA  22060 

Commander 

US  Air  Force  Special  Communications  Center  (USAFSS) 
ATTN:  SUR 

San  Antonio,  TX  78243 
Commander 

US  Army  Armament  Comiiand 
ATTN:  AMSAR-ASF 
Rock  Island,  IL  61201 

LTC  Douglas  J.  Beach 
Walter  Reed  Institute  of  Research 
Division  of  Biochemistry 
Washington,  DC  20012 

Dr.  Henry  Fales 

Chief,  Laboratory  of  Chemistry 
National  Heart  and  Lung  Institute 
Building  10  7N306 
9000  Rockville  Pike 
Bethesda,  MD  20016 

Dr.  George  J.  Cosmides/Dr.  Bryon  B.  Clark 
Program  Coordinator  Pharmacology -Toxicology 
National  Institute  of  General  Medical  Science 
Westwood  Building,  Room  9A03 
5333  West  ford  Avenue 
Bethesda,  MD  20016 

Department  of  Navy 
CN0-0P07TX  (Glenn  L.  Musser) 

Washington,  DC  20350 

Dr.  James  T.  Arnold 
Varian  Associates 
611  Hansen  Way 
Palo  Alto,  CA  94303 


1 


Professor  John  Bnldcschwieler 
Department  of  Chemistry 
California  Institute  of  Technology 
Pasadena,  CA  91100 

Mr.  Joseph  Koles  * 

Drug  Enforcement  Agency 

Special  Testing  and  Research  Laboratory 

Washington,  DC  20537 

Mr.  Lester  D.  Shubin 

Law  Enforcement  Assistance  Administration 
G33  Indiana  Avenue 
Washington,  DC  20530 

Mr.  William  Butler 
Drug  Enforcement  Agency 
Washington,  DC  20537 

Mr.  Charles  Gaskin 
Drug  Enforcement  Agency 
Washington,  DC  20537 

Dr.  A.  E.  Barrington 
DOT/Transportation  System  Center 
55  Broadway 
Cambridge,  MA  02142 

Dr.  John  R.  Hobbs 
Biotechnology  Division  TIM 
DOT/Transportation  Systems  Center 
55  Broadway 
Cambridge,  MA  02142 

Commander 

Edgewood  Arsenal 

ATTN:  Dr.  Robert  I.  Ellin 

Chemical  Research  Laboratory 

•Aberdeen  Proving  Ground,  MD  21010 

Dr.  Bernard  Newman 

Suffolk  County  Police  Department 

Hauppage,  L.  I.,  NY  11787 

Dr.  Charles  W.-'Gorodetzky 

US  Department  of  Health,  Education  and  Welfare 
NIMH  Addiction  Research  Center 
P.0.  Box  2000 
Lexington,  KY  40507 


\ 

/  »* 
'V 


1 


1 


1 


1 


1 


1 


1 


1 


1 


80 


1 


Mr.  Robert  Mills 

Law  Enforcement  Standard  Laboratory 
National  Bureau  of  Standards 
Building  221 
Washington,  DC  20234 

Dr.  Fred  Benjamin  1 

Department  of  Transportation 
Technical  Information  Branch 
Code  93-40 

Washington,  DC  20590 

Mr.  Walter  P.  Hay  1 

US  Department  of  Treasury 

IRS  Alcohol,  Tobacco  &  Firearms  Division 

1111  Constitution  Avenue 

Washington,  DC  20224 

Professor  Robert  Beaudet  1 

Department  of  Chemistry 

UCLA 

Los  Angeles,  CA  90024 
Development  Engineering  Directorate 


Detection  and  Alarms  Branch 

ATTN:  Mr.  Elmer  Enquist  2 

Mr.  Harvey  Tannenbaum  1 

Mr.  David  Tanenbaum  1 

Dr.  Solomon  Love  1 


Aberdeen  Proving  Ground,  MD  21005 
APG-EA 


Biomedical  Laboratory 
Environmental  Toxicology  Branch 
ATTN:  Mr.  Edmund  J.  Ovens 
Aberdeen  Proving  Ground,  MD  21005 
APG-EA 

Chemical  Laboratory 
Chemical  Research  Division 
Analytical  Chemistry  Branch 
ATTN:  Mr.  Samuel  Sass 
Mr.  Tim  Fisher 

Aberdeen  Proving  Ground,  MD  21005 
APG-EA 


2 


1 

2 


81 


2 


Chemical  Laboratory 
Physical  Research  Division 
ATTN:  Dr.  C.  S.  Harden 
Aberdeen  Proving  Ground,  MD  21005 
APG-EA 

US  Army  Environmental  Hygiene  Agency 
Environmental  Chemistry 
ATTN:  LTC  Charles  Ritchey 
Capt  Evans 
Dr.  Niel  Jurinski 

Aberdeen  Proving  Ground,  MD  21005 
APG-EA 


Mr.  Joseph  Hirata 

Drug  Enforcement  Agency  .  1 

Washington,  DC  20537 

Mr.  John  Gunn 

Drug  Enforcement  Agency  1 

Washington,  DC  20537 

Dr.  Guy  Barry 

Bureau  of  Customs  Technical  Services 
2100  K  Street  NW 
Washington,  DC  20226 

Lawrence  E.  Follis  1 

Technical  Director  .  f 

INCS  Directorate  *’  , 

Ft  Leavenworth,  KS  66048 


% 


t 


I 


82 


